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ABSTRACT 
This study investigated whether or not the exteroceptive 
cue of a tone could be conditioned to a taste aversion 
using the procedures of sensory preconditioning and 
higher order conditioning. Four conditions - each 
having a pre (sensory preconditioned) and a post (higher 
order conditioned) - phase were employed (a total of 
eight groups with eight subjects per group). 
Experimental groups received pairings of a tone with the 
taste of saccharin either prior to (pre groups) or after 
(post groups) a conditioning phase in which a LiCl 
injection was paired with saccharin therefore making the 
subject ill. The Control l (Cl) groups received 
pairings of no tone and saccharin either before or after 
the conditioning phase of saccharin and LiCl. Control 2 
(C2) groups received the tone and saccharin pairings 
either prior to or after the conditioning phase , but 
conditioning for this group paired a saline (NaCl) 
injection with the taste of saccharin. Control 3 (C3) 
groups had pairings of no tone with saccharin either 
before or after the pairing of NaCl with saccharin in 
the conditioning phase . In the Test I phase, 
suppression of bar pressing to the tone was measured as 
an index of a conditioned emotional response. The Test 
II phase was a two bottle choice test with water and 
saccharin. It was hypothesized that exteroceptive cues 
could become higher order conditioned stimuli and/or 
ii 
sensory preconditioned stimuli for internal events, and 
could influence performance. More specifically it was 
predicted that the experimental groups would evidence 
suppression of bar pressing when exposed to the 
exteroceptive higher order conditioned or sensory 
preconditioned stimulus (the tone). Suppression of bar 
pressing was not expected in any other group. In the 
second phase of testing (Test II) the groups made ill to 
the taste of saccharin during conditioning (Pre-E, 
Post-E, Pre-Cl, and Post-Cl) were expected to consume 
significantly less saccharin than the remaining groups. 
Results did not demonstrate the establishment of a 
higher order or sensory preconditioned conditioned 
emotional response, although an aversion to saccharin 
was evidenced in groups which were made ill to its 
taste. Results are discussed in terms of ''prepared" 
learning (Seligman, 1970) or a more general set of laws 
for all kinds of learning. 
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An Examination of the Roles Sensory Preconditioning and 
Higher Order Conditioning Taste Aversion Learning in 
Rats 
The behavior of an organism is influenced by two 
major forces, its biological makeup and its environment. 
Given the inflexibility of the biological makeup of an 
individual organism, the only means of it adapting is 
through interaction with its environment, i.e., 
learning . Psychology recognizes two basic learning 
processes; they are classical conditioning, and operant 
conditioning. Classical conditioning is the learning of 
associations between stimuli . It enables an organism to 
identify and predict important stimuli in its 
environment. Operant conditioning is the learning of 
consequences to responses in the presence of specific 
stimuli. In essence it enables the organism to "do 
something about" the important stimuli in its 
environment. Therefore, the environment in (or 
conditions under) which learning takes place is of 
significant interest. 
Sensory preconditioning and higher order 
conditioning are phenomena of classical conditioning in 
which learning takes place under relatively unusual 
circumstances . That is, the associations between 
stimuli are further removed hierarchically from first 
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order pairings of neutral stimuli with natural elicitors 
of behavior. 
The present study investigated whether or not 
exteroceptive cues for taste aversion could be 
conditioned using the procedures of sensory 
preconditioning and higher order conditioning. Since a 
taste aversion model provides a response which is 
considered specific to internal stimuli (usually 
illness). Exteroceptive stimuli in the environment are 
not as easily conditioned on a first order basis 
(Morrison & Collyer, 1974; Seligman, 1970). It was of 
theoretical importance to determine if exteroceptive 
stimuli for taste aversions could be acquired by more 
removed pairings. Research directly examining the roles 
of both sensory preconditioning and higher order 
conditioning using exteroceptive stimuli as the higher 
order and sensory preconditioned stimuli in a taste 
aversion paradigm has not been conducted. The present 
research was undertaken to study this specific paradigm. 
Avoidance responding and the conditioned emotional 
response (CER) have been the topics of an immense body 
of psychological research . Avoidance behaviors are 
instrumental responses that postpone and avoid exposure 
to aversive stimulation. The learning involved is most 
often conceptualized as classical conditioning . In the 
classical conditioning paradigm, the experimenter 
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presents a neutral stimulus just before the onset of an 
unconditioned aversive stimulus (UCS) which elicits an 
unconditioned response (UCR). Through the repeated 
presentation of the neutral stimulus followed by the 
UCS, the neutral stimulus is associated with the ucs and 
becomes a conditioned stimulus (CS). After the repeated 
pairings, the presentation of the CS alone will elicit a 
conditioned response (CR). This CR is usually similar 
to the UCR. When avoidance behaviors are learned, the 
subject makes an instrumental avoidance response after 
the CS onset but prior to the UCS onset thereby avoiding 
the UCS onset and controlling its presentation (Brodgen, 
Lipman, & Culler, 1938). 
The conditioned emotional response (CER) is an 
indirect measure of the emotional basis of avoidance 
behavior. It provides information about the effect of a 
conditioned stimulus on an animal's ongoing (free 
operant) behavior. It implies that the emotional 
response to the classically conditioned stimulus affects 
on-going operants. Estes and Skinner (1941) devised 
this procedure as a measure of an emotional "state". 
They classically paired a tone with a footshock so that 
the tone would become an aversive CS. This aversive CS 
was then introduced into an independent (free operant) 
situation where the rat was bar pressing for food. The 
effect of the tone on the rate of bar pressing was 
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measured. The disruption of a "hunger-motivated 
behavior" upon the presentation of a CS or the 
conditioned suppression of the response to a CS provided 
an indirect index of the animal's "emotional state". 
Research in the area of avoidance behaviors has 
included topics such as the method and timing by which 
CS and UCS are paired (Bitterman, 1964, 1965; Boneau, 
1958; Ebel & Prokasy, 1963; Heth & Rescorla, 1973; 
Kamin, 1965; Prokasy, Hall, & Fawcett, 1962), how long 
the avoidance response persists (Boyd & Levis, 1976; 
Hawk & Riccio, 1977; Neill, 1980; Spring, 1972), and 
under what conditions it is extinguished (Corriveau & 
Smith, 1978; Monti & Smith, 1976; Page, 1955; Page & 
Hall, 1953; Schiff, Smith, & Prochaska, 1972; Shipley, 
Mock, & Levis, 1971). 
A plethora of information is also available 
regarding the conditioning of first order stimuli, that 
is, the repeated direct pairing of the UCS with a 
neutral stimulus which in turn becomes a first order CS 
(Pavlov, 1927). For example, a tone (CS) paired with a 
footshock (UCS), which evokes a "jump-up" response 
(UCR), comes to elicit a jump-up response (CR) when 
presented without the UCS. 
Stimuli other than the first order CS in the 
environment can influence learning as well. The 
influence of stimuli other than those which have become 
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first order CSs and which are associated with the first 
order CSs needs to be examined. Their conditioned 
properties in the establishment and maintenance of 
avoidance responding and CERs are of significant 
interest. 
Two processes by which stimuli beyond the first 
order CS are established as conditioned stimuli are 
higher order conditioning and sensory preconditioning. 
The basic paradigm for sensory preconditioning (SPC) 
involves the repeated pairing of two neutral stimuli 
(S2-Sl) and then classically conditioning a response to 
one of them (Sl). After a conditioned response has been 
established to Sl, the other neutral stimulus (S2), 
I 
previously paired with Sl (sensory preconditioned), is 
presented and the response to S2 is measured. If SPC 
has occurred, a CR, similar to the one elicited to Sl, 
is elicited when S2 is presented in the absence of both 
the UCS and Sl, the first order CS (Brodgen, 1939). 
Higher order conditioning occurs when two stimuli 
(CS2-CS1) are given pairing trials after CSl has been 
repeatedly paired with the UCS. CS2, which has never 
been paired with the UCS is then presented alone. 
Higher order conditioning is demonstrated when CS2 
presented alone elicits a similar conditioned response 
(CR) to the CR to CSl. 
The present research was designed to demonstrate 
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sensory preconditioning and higher order conditioning 
within a conditioned taste aversion paradigm. Taste 
aversions, for the most part, are affected by the same 
factors of learning as other behaviors with the 
exceptions that (1) they can be learned over long delays 
(extended CS-UCS intervals), (2) they are learned very 
quickly, often in one trial,(3) they are retained over 
extended periods of time, and (4) some stimuli are more 
easily conditioned in this paradigm than others (Bond & 
DiGuisto, 1976; Colby & Smith, 1977; Dragoin, 1971; 
Dragoin, Hughes, Devine, & Bentley, 1973; Kalat, 1974; 
Revusky, & Garcia, 1970; Smith & Roll, 1967). The 
conditioning of a taste aversion follows a classical 
conditioning paradigm. A taste (CS) is paired with a 
toxin (UCS) whi;ch in turn produces illness (UCR) and 
subsequently causes a conditioned aversion to the taste 
(Garcia, Kimeldorf & Koelling, 1955). 
A variable which is important to taste aversion 
conditioning is stimulus relevance. Stimulus relevance 
refers to the differential associability of specific 
kinds of stimu ~i with specific kinds of responses. It 
has been shown that connections between gustatory 
stimuli are more readily associated with internal events 
such as gastrointestinal illness than with external 
events such as footshock and external cues such as 
visual or _auditory stimuli are more readily associated 
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with external events such as shock than with internal 
events. Early taste aversion research indicated no 
association between external stimuli and internal events 
(Garcia & Koelling, 1966). Garcia and Koelling using 
sweet "bright, noisy" water showed significant avoidance 
of tasty water (saccharin) when the taste was paired 
with irradiation (the UCS). However, avoidance of tasty 
water was not demonstrated after conditioning trials 
which paired it with the shock UCS. Nor was there 
avoidance of bright-noisy water when it had been paired 
with irradiation as the UCS. The authors proposed that 
this "stimulus relevance" (i.e . , the conditionability of 
taste and illness) has to do with natural selection. 
They suggest that learning that gustatory and olfactory 
cues can signal gastrointestinal distress has survival 
value. Therefore aminals that easily associate smells 
or tastes of foods that make them sick are more likely 
to survive (Seligman, 1970; Seligman & Hager, 1972). 
Garcia and Koelling (1966) in addition to other 
researchers (Braveman & Capretta, 1965; Dietz & 
Capretta,1966; Garcia, McGowan, Ervin, & Koelling, 1968; 
Larsen & Hyde, 1977) have indicated that conditioned 
taste aversions were very specific aversions and would 
I 
only be conditioned to gustatory cues which were 
unfamiliar and introceptive (See Revusky & Garcia, 1970 
for a complete review). More recent studies suggest 
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that although there is a "preparedness" (i.e., a 
biological predisposition) (Seligman, 1970; Seligman, 
1972; Seligman & Hager, 1972) for the association of 
taste cues and gastrointestinal distress, exteroceptive 
cues can become conditioned stimuli for taste aversions. 
External cues such as tones and lights, however, are not 
conditioned as readily to internal states, as are tastes 
and smells (Archer, Sjoden, & Carter, 1979; Berk, & 
Miller, 1978; Best, Best, & Mickley, 1973; Krane, 1980; 
Morrison, & Collyer, 1974). 
With respe 9t to the conditionability of 
exteroceptive stimuli, Best et al ~ (1973) found that 
after a black compartment had been paired with illness, 
rats avoided it in a choice test and, in a subsequent 
experiment, showed suppressed responding in it. In a 
more recent study, Krane (1980) showed that novel 
exteroceptive cues could be conditioned stimuli to an 
illness response and that a flavor-illness association 
could even be blocked by exteroceptive cues. Similarly, 
Morrison and Collyer (1974) examined the "mediating" 
value of a taste cue in the development of an aversion 
to exteroceptive cues. Their results indicated 
conditioning of the exteroceptive cues to the illness 
did occur if a !"mediating" taste cue was present. 
However, conditioning of the CR to the exteroceptive cue 
did not occur if the pairing of the exteroceptive cue (a 
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light) and the taste cue occurred prior to the 
taste-illness pairing. Thus sensory preconditioning was 
not demonstrated. 
Other studies have also examined taste aversions, 
higher order conditioning and/or sensory 
preconditioning . Rescorla (1980) found evidence of 
sensory preconditioning in a taste aversion paradigm . 
He employed taste cues only with a toxin and 
audio-visual cues with shock - never exteroceptive cues 
with illness . Employing a taste aversion paradigm, 
Archer and Sjoden (1982) used an exteroceptive stimulus 
(context) as the CSl to be paired with illness in both 
the higher order conditioning and sensory 
preconditioning groups. A taste was used as the CS2, 
thus allowing the exteroceptive cue to serve as the 
mediator for the taste-illness association . The results 
demonstrated that exteroceptive cues facilitated the 
development of higher order and sensory preconditioned 
taste-illness associations. 
The present study was designed to examine the 
establishment of higher order conditioning and sensory 
preconditioning of a taste aversion to an exteroceptive 
CS2 using a taste cue as the first order CS. 
Subjects were exposed to conditions which paired a 
tone with the taste of saccharin. In sensory 
preconditioning groups (denoted as the "Pre" groups), 
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this pairing occurred prior to the CS-UCS pairing. In 
higher order conditioning groups ("Post" groups) the 
tone-taste paiJing occurred after the CS-UCS pairing. 
This was the oJder variable. 
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The design employed began with a bar press training 
phase to estab�ish a "hunger-motivated" response with a 
constant rate GEstes & Skinner, 1941). Training was 
followed by thJ cue exposure then conditioning phases 
for the "Pre" Jroups or the conditioning then cue 
exposure phases for the "Post" groups. Cue exposure 
consisted of the pairing of two stimuli (the taste of 
saccharin and a tone) while the conditioning phase was 
the classical conditioning of the aversion through the 
taste-illness �airings. Two testing phases followed. 
Test I provided an examination of the conditioned 
emotional resp1nse through the suppression of bar 
pressing to CS21 (the tone) and Test II measured the
first order avoidance response to the taste of 
saccharin. 
In order to provide appropriate controls, eight 
groups were nee
l
ded. Experimental groups ( Pre-E and 
Post-E) ha.d both tone-taste pairings in the cue exposure 
phase and taste-illness pairings in the conditioning 
phase. To cont1rol for possible changes in responding 
due to tone exp
l
osure alone, control groups Pre-Cl and 
Post-Cl were needed. Subjects in these groups were 
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exposed to the pairing of "no tone" (the tone was not 
presented) and saccharin during cue exposure and 
taste-illness pairings in the conditioning phase. 
Illness exposure control groups were included also. 
Subjects in the no illness control groups (Pre-C2, 
Post-C2, Pre-C3, & Post-C3) were given saline injections 
in the conditioning phase to provide comparison groups 
which should not show a taste-illness association 
without the toxin. Groups Pre C2 and Post C2 were 
exposed to tone-taste pairings during cue exposure and 
taste-no illness pairings during conditioning. This was 
to control for sensitization due to toxin exposure per 
se. Control groups Pre-C3 and Post-C3 were not exposed 
to the tone and were not made ill. These groups 
received the pairing of no tone with the taste of 
saccharin in the cue exposure phase and the pairing of 
the taste of saccharin with no illness during 
conditioning. Collectively, the control groups provided 
stimulus arrangements which allowed the isolation, 
manipulation, and examination of each component of the 
procedure in order to account for changes in responding 
attributable to conditioning, exposure to the respective 
taste and tone stimuli alone and the toxin alone. 
It was hypothesized that exteroceptive cues could 
become higher order conditioned stimuli or sensory 
preconditioned stimuli for internal events, and 
subsequently influence performance. More specifically, 
it was predicted that groups Pre-E and Post-E would 
evidence suppression of bar pressing (a CER) when 
exposed to the higher order conditioned or sensory 
preconditioned stimulus (the tone) during the Test I 
phase. Suppression of bar pressing was not expected in 
any other group. In the second phase of testing (Test 
II), the avoidance (taste preference) test, it was 
predicted that the groups made ill to the taste of 
saccharin (Pre-E, Post-E, Pre-Cl, and Post-Cl) would 
consume significantly less saccharin than groups which 
did become ill to the taste of saccharin (Pre-C2, 
Post-C2, Pre-C3, and Post-C3. 
Method 
Subjects 
Subjects were 64 naive male Sprague-Dawley rats 
from the Charles River Breeding Laboratory. Each rat 
weighed between 250 and 350 g at the start of the 
experiment prior to food or water deprivation. They 
were maintained at approximately 80% of their free 
feeding weight throughout the remainder of the study. 
All rats were randomly assigned to one of the eight 
groups. 
Apparatus 
The experimental chamber was a 64 x 64 x 60 cm 
12 
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plywood box which had been sound deadened with ceiling 
tiles. It had a 15 watt house light mounted at the top 
of the back wall and a ventilation fan and vents. The 
chamber opened from the front and housed the lever box 
and lick box, along with the appropriate equipment 
during the different phases of the experiment. A 25.5 x 
27 cm enclosure having an 8 ohm speaker was present in 
the chamber at all times . The apparatus was wired using 
standard electromechanical programming equipment. 
During the Training and Test I phases a 23.5 x 22 x 
20 cm lever box with a metal rod floor was used . A 
lever (5 cm from the floor and centered) and food cup to 
the right of the lever were mounted on one wall. A 
Gerbrands feeder was employed to deliver Noyes 45 mg 
food pellets on the appropriate schedule . 
The Cue Exposure phase took place in the same 
experimental chamber . with the lever box replaced by a 
23.5 x 22 x 20 cm lick box. This box had two Plexiglas 
and two metal walls. In the center of one of the metal 
walls, 4 cm from the floor , was a 6.5 cm rubber stopper 
with 3.5 cm of .5 mm metal tubing through it. This 
tubing was attached to a rubber hose which was 
connected to a Multifit glass syringe mounted on a DSI 
liquid pump which delivered fluids. 
A speaker, placed in the rear of the experimental 
chamber was employed along with an EICO sine wave tone 
generator to produce the CS tone. This tone generator 
produced a 2500 Hz tone with an amplitude of 77 dB. 
The Conditioning and Test II phases took place in 
the colony in cages other than the rats' home cages. 
Standard galvanized front opening cages with water 
bottles were used. 
14 
A .1% (weight to volume) saccharin solution was 
used as the taste CS. The lithium chloride (LiCl) 
solution was 3.6 MEq (Infurna, Steinert, Freda, & Spear, 
1979) and was administered via an intraperitoneal (ip) 
injection of 1 ml/kg bodyweight. The sodium chloride 
(NaCl) solution was a .15 -MEq solution and a dosage of 1 
ml/kg bodyweight was given. Plastic syringes and 23 g x 
3/4 gauge needles were used to administer the LiCl or 
NaCl solution. 
Procedure 
Eight groups were employed in order to include the 
experimental and all appropriate controls. All groups 
were handled, trained and tested under the same 
conditions. Figure 1 shows the design of the study. 
Handlin~. All subjects were handled twice for five 
consecuative minutes, once prior to the start of the 
experiment and then again after the start of food 
deprivation but before bar press training. 
15 
Fi~ure 1. Design across days. 
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DAY 
Pre E * ** Bar Press Day NT&W / T&S S<YLiCl T T 
Training Off E E 
Post E S&LiCl NT<YW / T<YS s s 
T T 
Pre Cl NT&W / NT<YS S<YLiCl 
I II 
Postel S&LiCl NT&S / NT<YW 
Pre C2 NT&W / T<YS S<YNaCl 
PostC2 S&NaCl NT<YW I T&S 
Pre C3 NT&W / NT&S S<YNaCl 
PostC3 $&NaCl NT<YW / NT<YS 
* = acclimation 
* *= shaping 
s = saccharin 
w ... water 
T - tone 
NT= no tone 
LiCl=lithiu.m chloride (1 ml/k') 
NaCl=sodiu.m chloride (1 ml/kg 
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Training. At the start of the experiment subjects 
were food deprived for 48 hrs. They were then placed in 
the training apparatus for a 10 min acclimation period. 
Five food pellets were available in the food cup and the 
equipment was in operation. Twenty-four hrs later 
magazine training and shaping took place. Training 
sessions began the following day on a VI-20 s schedule. 
There were five training sessions each 30 min long. 
Subjects were required to meet a floor criterion of 100 
responses per session by the second day of training. On 
day four of bar training, water deprivation began. All 
subjects were given 20 min free access to water 30 min 
after the completion of the daily training session. The 
cue exposure phase, for "Pre" groups, or taste aversion 
phase, for "Post" groups, began 48 hrs after bar 
training had been completed. 
Cue Exposure . Cue exposure took place in five 
sessions, 24 hrs apart . Each session consisted of ten 
trials, eight of which were water exposure and two of 
saccharin exposure. The order of saccharin and water 
trials was randomly determined from session to session 
with the constraint that the first trial was always a 
water trial. This phase consisted of the pairing of a 
tone with saccharin and the pairing of no tone and water 
for groups Pre-E, Post-E, Pre-C2, and Post-C2. No tone 
was paired with saccharin and water for groups Pre-Cl, 
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Post-Cl, Pre-C3, and Post-C3 (see Figure 1). 
On each trial the subject was placed in the lick box 
with only the fan running. To start a trial the house 
lights came on, the Plexiglas barrier was raised and the 
fluid needle was made available. For the first few 
trials of the first session subjects were prompted to 
lick by making a drop of water available through the 
needle during the water trials. The first lick of each 
trial, depending on the condition being run, turned on 
the tone for 3 sand provided a drop of saccharin or 
presented no tone and the appropriate liquid (water or 
saccharin). The house light then went off and the 
Plexiglas barrier was replaced. During this phase, if a 
response (a lick which turned on the apparatus) had not 
been made within 5 min for any given trial, that trial 
was ended and rerun: If no response occurred for any 
two consecutive trials the session was ended. If two 
sessions were discontinued due to non-responding, the 
subject was not given access to water that day in order 
to increase the deprivation state. If three 
discontinued sessions occurred, the subject was 
eliminated from the study and replaced with a new 
subject. Thereby assuring the contiguity between the 
tone and saccharin in the experimental groups and the 
appropriate form of stimulus contiguity in the control 
groups . 
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Conditioning. This phase was conducted on three 
consecutive days. Subjects were placed in standard 
front opening cages in the colony room (not home cages) 
and were given 3 min access to a .1% saccharin solution 
in a free operant situation. They were then returned to 
their home cages. Approximately 10-15 min later they 
were given an ip injection of LiCl or NaCl, as indicated 
by the respective conditions, and returned to their home 
cages. All subjects were give 20 min free access to 
water 30 min after injections. 
Testing I. All subjects were tested on day 17 
following both cue exposure and conditioning phases. 
Subjects were placed in the lever box apparatus to bar 
press for food on a VI-20 s schedule. On a VT-6 min 
schedule (3-9 min), responding was measured for 30 s 
followed by the onset of the tone for 30 s during which 
responding was also recorded. This session was 
approximately 35 min long, with five intervals during 
which responding was measured. 
Testing II. This phase was conducted the day after 
Testing I (on day 18). All subjects were placed in the 
same apparatus used during taste aversion and given a 
two bottle choice test. They were given 20 min free 
access to water and saccharin in as preference test. 
The amount (ml) of each fluid consumed was recorded. 
Results 
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Results 
Testing I. Response frequencies were used to 
calculate suppression ratios. The suppression ratio 
employed was of the form B/(A+B) (Church, 1969), where A 
was the number of responses (bar presses) made in the 30 
s prior to the test stimulus and B was the number of 
responses made during the 30 s presentation of the test 
stimulus (the tone, CS2). This ratio is a measure of 
ongoing behavior and ranges from Oto 1. A ratio of 0 
to .49 indicates some level of suppression (0 being 
complete suppression of bar pressing during the tone). 
A value of .5 means there was no suppression and no 
facilitation (this value was assigned when no responding 
during both the tone and no tone periods occurred). 
Values from .51 to 1 are indicative of facilitation. 
The means and standard deviations of these ratios were 
calculated for each group for data from trials 1 through 
5 and are presented in Appendix Al. The raw data was 
then transformed using an arcsine transformation for 
proportions (Levy,1975) to normalize the data prior to 
conducting an ANOVA. 
Hartley's test for homogeneity of variance was 
performed on the transformed data. Results indicated no 
violation of homogeneity (Fmax(40,7)=24.52, n.s.). A 
comparison of this value was made with the largest value 
in the distribution of the Studentized Range Statistic 
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table (Winer, 1962), i.e., Fmax(l0,7)=24 with an 
alpha-level of .05. In addition, each cell of the 
design was treated separately making this a very 
conservative test. A 4 x 2 x 5 (conditions x order x 
trials) repeated measures ANOVA of the transformed 
suppression ratios was conducted. This analysis 
examined differences among groups, order, trials, and 
their interaction. The analysis yielded a significant 
trials effect, F(4,224) = 3.65, p<.05, and all other 
effects were non-significant. The transformed means an~ 
standard deviations are presented in Table l; the ANOVA 
summary table for this analysis is presented in Table 2. 
A Newman-Keuls follow-up test was performed to clearly 
examine the trials effect. Results indicated 
significant differences between trial 1 and all other 
trials (p<. 05). 
Testing II. The proportion of saccharin consumed 
in the 20 min test period was calculated. The B/(A+B) 
ratio was used in this phase as well, A was the amount 
of water consumed in ml and B was the amount of 
saccharin consumed in ml. Means and standard deviations 
of consumption values were determined for each group and 
are presented in Appendix A2. Ratios ranging from Oto 
.49 indicate low saccharin consumption (0 being complete 
suppression), .5 is an indicator of equal water and 
saccharin consumption (this value was assigned when 
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Table 1 
Means and SDs of Transformed Response Suppression Ratios 
During Test I 
CONDITION ORDER 
Pre 
E 
Post 
Pre 
Cl 
Post 
Pre 
C2 
Post 
Pre 
C3 
Post 
H 
SD 
1 
1. 3 
.92 
1. 31 
.44 
1. 05 
.85 
1.62 
. 64 
1.25 
.57 
1.59 
.68 
1.12 
.23 
1.42 
.43 
2 
1. 93 
. 8 
1.48 
.32 
1.96 
. 8 
1.45 
. 41 
1. 57 
. 4 
1.55 
. 32 
1. 53 
.26 
1. 35 
.66 
TRIALS 
3 
1.6 
.39 
1. 86 
.65 
1.66 
.76 
1. 78 
.46 
1. 75 
.44 
1. 54 
.27 
1. 32 
.21 
1.44 
.46 
4 
1.61 
.34 
1.86 
.63 
1. 53 
. 69 
1. 50 
.71 
1.66 
. 29 
1.62 
.23 
1.79 
.57 
1.76 
.32 
5 
1.73 
.78 
1.63 
.34 
1.48 
1.04 
1.66 
.39 
1. 93 
.54 
1. 53 
.32 
1.18 
. 75 
1. 91 
.54 
Table 2 
ANOVA Summary for Transformed Response Suppression 
Ratios During Test I 
SOURCE ss DF MS F 
CONDITION 1.010 3 .337 1.077 
ORDER .158 1 .158 .505 
CxO .720 3 .240 .767 
ERROR 17.528 56 .313 
TRIALS 4.643 4 1.610 3.651* 
CxT 2.280 12 .190 .597 
OxT 2.908 4 .727 2.286 
CxOxT 4.072 12 .339 1.066 
ERROR 71. 308 224 .318 
TOTAL 104.627 319 
*p< . 05 
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neither water nor saccharin was consumed) and above .5 
to 1 means more saccharin was consumed (1 indicating 
only saccharin was consumed). An arcsine transformation 
(Levy, 1975) was used to normalize the data. Results of 
an Fmax test indicated no violation of homogeneity 
(Fmax(8,7)=7.02, n.s . ) and were followed by a 4x2 
(condition x order) ANOVA of the transformed consumption 
values. These values are presented in Table 3 and 
Figure 2. A significant condition effect 
(F(3,53)=24.59, p<.05) was found (see Table 4 for ANOVA 
summary table). Newman-Keuls follow-up tests indicated 
that groups which became ill to saccharin (Pre-E, 
Post-E, Pre-Cl, and Post-Cl) consumed significantly less 
saccharin (p<.05) than the no illness control groups 
(Pre-C2, Post-C2, Pre-C3, and Post-C3). 
Discussion 
The results of this study do not support the 
hypothesis that exteroceptive cues can become sensory 
preconditioned or higher order conditioned stimuli for 
taste aversions . No suppression of bar pressing was 
evidenced during the presentation of the tone for either 
SPC or HOC groups in the Test I phase. However, Test II 
did demonstrate the establishment of a taste aversion 
for subjects which were made ill to the taste of 
saccharin. This indicates that although the taste of 
Table 3 
Means and SDs of Transformed Saccharin Consumption 
Ratios During Test II 
CONDITION 
E 
Cl 
C2 
C3 
M 
.s..o 
PRE 
1. 29 
.33 
1. 03 
. 53 
1. 95 
.34 
1. 91 
.30 
ORDER 
25 
POST 
1.02 
.20 
. 93 
.45 
2.03 
. 47 
1. 76 
.39 
Figure 2, 
Test II. 
Average saccharin comsumption ratios for 
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Table 4 
ANOVA Summary for Transformed Saccharin Consumption 
Ratios During Test II 
SOURCE ss DF MS 
28 
F 
CONDITION 11.218 3 3.739 24.599* 
ORDER .180 l .180 1.184 
CxO .247 3 .082 .539 
ERROR 8.058 53 .152 
TOTAL 19.703 60 
* p< . 05 
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saccharin was avoided by experimental and Cl groups 
relative to no illness controls (as evidenced in Test 
II) no association between the tone and the illness was 
established in the SPC or HOC paradigms. It is 
necessary to consider explanations for this discrepancy. 
These results are consistent with those of Braveman 
& Cappretta (1965), Garcia & Koelling (1966), Larsen & 
Hyde (1977), and others. The establishment of higher 
order and sensory preconditioned associations do not 
occur easily when the conditioned and unconditioned 
stimuli are exteroceptive and interoceptive. Seligman 
(1970) views such results as supporting his position of 
"biological preparedness". This view states that rats 
are biologically prepared to associate interoceptive 
stimuli such as tastes with internal events like 
illness; in addition, there is a "contrapreparedness" to 
associating exteroceptive stimuli (lights, tones, etc.) 
with internal events. Contrapreparedness is the 
tendency for stimuli to remain unassociated after 
repated pairings. Such a position views learning 
biologically "prepared" and "contraprepared" responses 
as being established in a manner different from that of 
"non-prepared" responses. "Non-prepared" responses are 
not any more (or less) likely to occur because of a 
biological predisposition. They are learned in a manner 
consistant with laws of learning whereas prepared and 
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contraprepared responses are facilitated (or restricted) 
due to biological contraints. 
Such a position is consistant with the findings of 
the present investigation. A taste aversion was learned 
but neither sensory preconditioning nor higher order 
conditioning occurred. This may have been due to the 
cross-modal nature (external - internal) of the CS and 
UCS or the "contrapreparedness" of the association. 
Klosterhalfen and Klosterhalfen (1985) propose a 
different perspective. After a rather extensive review 
of the literature, in an attempt to examine if there is 
a general set of laws for all kinds of learning (taste 
aversion and traditional), they suggest that many of the 
differences found between conditioned taste aversion and 
traditional learning (such as those indicated by the 
present research) are due to the specific 
characteristics and properties of the stimuli employed 
in conditioned taste aversion learning and not actual 
differences in the kinds of learning. They state that 
most of the "learning phenomena" which occur in 
conditioned taste aversion learning also occur in 
traditional learning, and vice versa. These and other 
researchers (Archer et al, 1979; Arch~r & Sjoden, 1982; 
Best et al, 1973; Klein, Freda, & Mikulka, 1985; Krane, 
1980; Sullivan, 1984) cite literature which provide 
support for a general set of laws of associative 
processes. More specifically, such research has 
provided evidence of external influences on internal 
responses. In light of these two views, a closer 
examination of the results of this study is called for. 
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If "prepared" learning has taken place it should 
occur without regard to test context. If the taste had 
become an aversive stimulus according to a 
"preparedness" perspective, the taste should be aversive 
in all situations because taste is "prepared" to be 
associated with illness and context is "contraprepared" 
to be associated with illness (Garcia & Koelling, 1966). 
Test II demonstrates a taste aversion was formed to the 
taste of saccharin. Animals injected with LiCl after . 
drinking saccharin (Pre-E, Post-E, Pre-Cl, and Post-Cl) 
during the conditioning phase, later consumed 
significantly less saccharin than no illness controls 
(Pre-C2, Post-C2, Pre-C3, and Post-C3) in Test II. 
Animals in the Post-E and Post-Cl groups continued to 
consume saccharin in the cue exposure phase - which 
occurred after conditioning and before Test II. Since 
the taste had become an aversive stimulus, as evidenced 
in Test II, the taste of saccharin should have been 
avoided in all contexts after the Conditioning phase -
including the Cue Exposure phase - for animals in the 
Post-E and Post-Cl groups. However, none of the 
subjects in these groups had to be dropped from the 
study due to a lack of responding during Cue Exposure , 
indicating that saccharin had become an aversive 
stimulus in one context (Test II) but not in the other 
(Cue Exposure) . This seems to contradict preparedness. 
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Another phenomena found in conditioned taste 
aversion learning is the effect of CS preexposure. 
Typically, CS preexposure effects in a conditioned taste 
aversion paradigm account for weaker and often 
non-existant CRs. Although CS preexposure does occur in 
this experiment (sensory preconditioned groups) , the 
effect of CS preexposure is not evidenced. There were 
no differences in the degree of the taste aversion 
evidenced by CS preexposed (SPC) groups and 
non-preexposed (HOC) groups. Preexposed subjects that 
were made ill avoided the aversive taste to a similar 
degree as the non-preexposed subjects made ill and 
significantly more than the subjects not exposed to the 
aversive ucs. Once again, CS preexposure (the Cue 
Exposure phase for SPC groups) took place in a context 
different from that of the Conditioning and Test II. 
As cited above, several recent pieces of research 
have found that contextual cues play a major role in 
learning - including taste aversion learning. In the 
present study the Cue Exposure and Test I phases took 
place in a completely different context than the 
Conditioning and Test II phases. The situations were 
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easily discriminable. The only consistancy was the 
saccharin used in both situations. In addition, 
Nachman, Rauschenberger, and Ashe (1977) found that the 
lick tube dispensing the fluid could be used to 
discriminate - even with the same fluids. This is what 
Nachman et al. (i977) refer to as "tongue-tactile cues". 
The present study employed different types of fluid 
dispensers in the Cue Exposure phase, than in the 
Conditioning and Test II phases. This suggests that 
the taste of saccharin out of a specific drinking spout 
in a specific context may have become an aversive 
stimulus, whereas the taste of saccharin in a different 
dispenser in a different context was not an aversive 
stimulus. If this discrimination occurred in the 
present experiment an aversion to saccharin would be 
demonstrated in the Test II situation but not in Test I. 
The results support this conclusion. Drinking saccharin 
in the Conditioning/Test II context out of a distinctive 
spout became an aversive event whereas no suppression of 
bar pressing was evidenced in Test I. The absence of a 
suppression of responding to the tone during Test I 
indicates that the tone did not .become an aversive 
stimulus. This could be due to (1) external stimuli not 
being able to become higher order or sensory 
preconditioned stimuli for internal events, or (2) the 
taste of saccharin not becoming an aversive first order 
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stimulus in the given context . Based on previous 
research which demonstrate external stimuli serving as 
higher order or sensory preconditioned stimuli for 
internal events (Archer & Sjoden, 1982; Best et al. , 
1973; Krane, 1980; Morrison & Collyer, 1974; Rescorla, 
1980) , it can be suggested that the taste of saccharin 
did not become an aversive first order stimulus in the 
Test I context. Context may have played a major role in 
preventing the establishment of an external stimulus as 
a higher order conditioned or a sensory preconditioned 
stimulus for an internal event. 
An alternate explanation for the present results is 
that a Type II error was made. Several things could 
have influenced such an error . Given the limited range 
of the raw values of the proportions (appToximately 
.3- . 7, see Appendix A2), the dependent measure 
(suppression of bar pressing) may have been an 
unreliable, insensitive one . The values of actual 
bar presses are presented in Appendix A3. In addition, 
the treatment, that is, the cue exposure phase, was 
subtle. Two pairings a day for five days led to a total 
of 10 trials (20% of the total number of trials). This 
could have led to a small treatment effect. Small 
sample size (n=8) could also have affected the power of 
the test. An alternate test that could have been used 
was a Chi-squared test which is a non-parametric test, 
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which in and of itself has lower power than a parametric 
one . 
Although the hypotheses of this study were not 
directly supported, this research does seem to lend 
support to a general set of laws for learning . 
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APPENDIX Al 
Means and SDs of Response Suppression Ratios During Test 
.I 
CONDITION ORDER 
PRE 
E 
POST 
PRE 
Cl 
POST 
PRE 
C2 
POST 
PRE 
C3 
POST 
M 
.8D 
1 
.376 
.319 
.331 
.202 
.376 
.203 
.482 
.241 
.286 
.104 
.427 
.207 
.324 
.313 
.490 
.225 
2 
.599 
.292 
.458 
.156 
.501 
.189 
.491 
.158 
.480 
.129 
.426 
.248 
.627 
.279 
.442 
.193 
TRIALS 
3 
.520 
.183 
.601 
.239 
.581 
.207 
.485 
.130 
.378 
.104 
.441 
.218 
·. 571 
.287 
.601 
.208 
4 
.521 
.162 
.605 
.236 
.546 
.142 
.526 
.113 
.573 
.193 
.588 
.145 
.512 
.253 
.495 
.267 
5 
.604 
.295 
.526 
.167 
.645 
.181 
.478 
.156 
.375 
.253 
.631 
.177 
.487 
.338 
.538 
.181 
APPENDIX A2 
Means and SDs of saccharin Consumption Ratios Durini 
Test II 
CONDITION 
E 
Cl 
C2 
C3 
.M 
.sn 
PRE 
.37 
.16 
.28 
.18 
.67 
.14 
.66 
.14 
ORDER 
POST 
.24 
.09 
.23 
.14 
.71 
. 21 
.59 
.19 
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APPENDIX A3 
Mean Number of Res12onses for Tes:t I During :the 30 s 
Prior to the Tone (EI) and ~Q s Ione Periods (tl 
TRIAL 
Group l 2 ~ 4 Q 
.M .6.D 
PRE E 
PT 5.6 7.0 3 . 8 5.9 3.6 5.8 3.1 2 . 3 2 . 1 2.5 
T 2 . 4 2.8 3.4 3.2 3.4 5.0 3.1 1. 9 4.4 3 . 0 
POST E 
PT 4.8 3.0 5.8 3.8 2.8 2.2 3.4 3.0 3.9 1. 9 
T 1. 9 1.4 5.0 3.2 3.8 2.7 3 . 8 2 . 3 4 . 3 1.9 
PRE Cl 
PT 4.4 1.4 4.1 2.4 3.3 2 . 6 3.6 2.0 2.6 2.2 
T 2.9 2.0 4.6 3.4 4.3 2 . 4 4 . 4 2.2 3.9 3.0 
POST Cl 
PT 3.8 2.3 5.0 3 . 9 4 . 1 1. 9 4.5 3.2 5.6 3 . 0 
T 2.9 1.2 4.9 3.7 4.5 3.3 5.3 3.6 5.1 3.7 
PRE C2 
PT 5.4 1. 9 5.5 2.1 4.0 2.6 4.6 2 . 2 3.4 2.2 
T 2.1 1.0 4.9 1.4 2.5 2.2 5.9 1. 5 3.1 2.4 
POST C2 
PT 4.8 3.8 3.1 3 . 5 5.4 5.1 3.0 2.1 3.4 2 . 7 
T 2.6 1.8 2.4 2.3 3.8 3.1 4.5 2.9 4.4 2.1 
PRE C3 
PT 3.1 3 . 2 2.8 2.9 2.8 2.4 2.8 2.1 3.1 2.6 
T 1.8 2.1 2 . 8 2.1 5.0 4.0 3.5 2.6 3.6 3.2 
POST C3 
PT 4.9 3.0 6.3 4.5 3.0 1. 5 4.0 3.2 5.0 3.4 
T 3.9 2.9 4.5 3.1 4.6 1. 9 3.9 2.4 5.0 1. 9 
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